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STATUS OF FWGKT LEAK MEASUBING TBlwsDUCEBS 

BY 
C. T. N. Paludan 

ABSTBBCT 

Transducers capable of measuring small flow ra tes  result ing from 
leaks i n  flanges i n  the Saturn engine systems are being developed. 
Principles of operation of three basic types are given i n  detai l .  
The inhouse environmental tests were satisfactory; operational tests 
are now being made at  Rocketdyne. 

Lealuge rates up t o  lo00 standard cubic centimeters per minute 
ray be rmeaeured with the present uni t s .  
designed for  liquid oxygen leaks, but are also inherently capable of 
operation with other cryogenic liquids, gases a t  lese than 100°C, or 
even hot gaees. 

These uni t s  are  specif ical ly  

i 

Operational uni ts  of one type are considered t o  be available for 
in f l igh t  use. 
other t r o  types. 
for we with liquid leaks. 

Some additional development work i s  required on the 
Considerable further work is required t o  adapt un l t r  
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STATUS OF FLIGRT LBAKMKASURItG TRANSDUCERS 

.BY 
C. T. 1. Paludan 

Three batsic types of semi t ive  flowmeters suitable for Poaitori- 
leakage from engine flanges durtng Saturn f l igh ts  are being developed. 
A special dual seal in the flange made the collection of these lukm 
possible. Details of the seal and each of the three instrument6 are 
given. Satisfactory prototypes of a l l  types have been b u i l t  and -8 
presently uadergoing tests on the J-2 engine a t  Rocketdyne. Tbtrty 
additioaal transducers are expected t o  be delivered i n  August 1962. 
Present transducers are specifically designed for  lox or gox leab; 
they can be used for  leaks of any cryogenic l iquid or any gas of tam- 
perature lees than 100OC. 
t o  hot gas leaks; measureuent of liquid leaks w i l l  require coarhlerabb 
additfoual develo-nt. 

With d m r  modifications, they can be adapted 

I 

mile development of transducers for inf l igh t  leak detection &r 
been proceeding within h t r i o n i c s  Division since 1959, the basic 
ruler under which the current program operates were established 011 
April &,. f961*. Basic requirenentr were: 

Range: 
Accuracy: k20X F.S. required, be t te r  desired 
Curve: 
Hedium: Lox and hot gas leaks most cr i t ical  
Cowction:  
Funding: M-ASTB as part of Ssturn project. 

10 to  lo00 standard cc/lainute flow rate 

One range, greatest seas i t iv i ty  a t  low end pief8-d 

Standard 1/4 or  1/8 inch tubing f i t t i n g  olb f1-e 

A previous s ta tus  report was  given on February 23, 1961l. Arraug8- 
mentr have been made f a  tes t ing o f  prototype traneducer~s by MA bckot- 
dyne duriag a ta t i c  testa  of the  J-2= and F-lS 
~ d b  pO68fb10 by the Rocketdyae Naflex dual 8eal 

u t i o n  by Saturn S-XI and S-IV B rtage contractors 

*Meeting held April 6 ,  1961, trim. Paul's off ice  between perroanel &a 
ktrioaicr, Teat, and Propulaloa& Vehicle Engineerlag Divisioru. 
%.ti% hold November 16, 1961, In X-p6rvE conference room betweca.,per- 
aoaael o f  Packetdyue and reprereutatlves o f  h t r i o n i c s ,  Tes t ,  and PlLm 

miar - S t 4 e  Inforface bating," between NSFC, Rocketdyne, UM-WD, 
Dwglar, 8nd otherr, 

This tcrti*va# 
e%m8* 

Thir s ta tus  report is in ausver t o  a request for  additional id=- * 

i V % ~ I O a r .  
' 

WIoting held eu Hay 22, 1962, a t  Roclretdyne, CCaoga Park, Calif,, "J-2 

. .  
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TYPES UNDER STUDY 

A leak transducer is essentially a flawmeter for small rates. Sev- 
eral types have been investigated and dropped from further study at this 
time. These include turbine flowmeters, heated thermistor anemometers, 
vortex tube At devices, conventional Ap transducers, and strain gage flex- 
leaf devices. 

Three basic types of transducers are currently considered to *et 
the basic requirements. 
the Femal-type hot wire anemometer, and the Hastings-type hot thermocouple 
anemometer. 

These are the Tram-Sonics Equibar Ap tramducer, 

The Ap unit is being developed under the supervision of Mr. W. T. 
Escue, M-ASTR-IM (project formerly supervised by Mr. 0. L. Smith). The 
hot element anemometers are being developed under the supervision of 
Xr. H. I). Burke, M-ASTB-IM. All are designed for lox leaks. It i s  ex- 
pected that they can be used with any gas leaks, including ho 
a d  any cryogenic liquid leaks. However, they will not work 
wi$$out modifications. 4 

I 

The hot wire instruments measure mass flow rate, while the Ap instru- 
All instruments built to date have a fbll e n t  measures volume flow rate. 

&le range of 0 (or 10) to 1000 standard cc/minute of oxygen (0 to 1429 
milligrams/minute 02). All prototype units have successfully passed tbe 
vibratlon and temperature envirorrmental tests as specified €or the thrust 
frame' area4. 

PRINCIPLES OF OPERATION 

Since the transducers under discussion are discrete instruments, r#)t 
area-surveillance devices, it is necessary that potential leaks be collected 
and routed to them. 
this. A flexible or rigid "boot" could be installed around joint8 or 
flanges of interest. Several arrangements o f  two seals are possible; hw- 
ever, all of these are somewhat awlward or inadequate. 
developed a highly reliable seal and has combined it with a second seal 
in one gr8ket which provides a very convenient leak detection capabllitp. 
Their primary seal has the trade name "Naflex." 

There are several possible methods of accamplirhiag 

Rocketdyne bar 

Figures 1 and 2 show two Naflex gaskets with dual seals. Figure 3 
is an idealized sketch of a typical installation. 
primary seal for high pressure i e  accomplished by the teflon-coated lip 
of the inner-most radius of the metal gasket. Between the primary seal 
and the secondary seal (which i a  of the nature of a flat gasket), a cavity 
%ademark, North American Aviation, Inc. 

It can be seen that the 

2 
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Figure 3. Typical Flange with Naflex Seal. 
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exists within which primary sea l  leaks would co l l ec t .  
cav i ty  permits venting of the leak gases (or l iquids) t o  the leak de- 
t ec t ing  flowmeter v i a  a l/S-inch tube.  

A por t  i n to  t h i s  

Rocketdyne is including Haflex dual seals i n  ce r t a in  flanges on the 
5-2 and F-1 engines. 
seal f o r  f la red  tubing f i t t i n g s .  

They have also developed an analogous secondary 

It is ant ic ipated tha t  some non-engine j o i n t s  within the vehicles 
w i l l  be provided with dual seals for leak detection. 

p i f f e r e n t i a l  Pressure Instrument 

I 

I 

Pressure drop i n  a capi l la ry  tube i s  a function of the flaw rate 
through it. 
transducer w i l l  therefore yield f low r a t e  information. 
ducers using t h i s  pr inciple  have been b u i l t  by Trans-Sonics, Inc., Bur- 
l ington, Massachusetts, under Contract No. NASS-1699. 

Measurement of t h i s  by means of a d i f f e r e n t i a l  pressure 
Prototype trans- 

This instrument i s  based on Trans-Sonics' high s e n s i t i v i t y  Equibar" 

Two gold-plated g lass  discs  positioned 
d i f f e r e n t i a l  capacitance pressure transducer. 
t h i s  design i s  a lw force type. 
on both s ides  of a s t re tched diaphragm form a pressure sens i t ive  differea-  
t i a l  capacitor.  
of clamping rings.  
pa i r  of b e l v i l l e  springs. 
phragm.28 deflected causing the capacity t o  increase on one s ide  and de- 
crease cl~lr *e other.  The Equibar is used a s  pa r t  of an a.c.,bridge c i r -  
c u i t ;  t h a e € o r e ,  an unbalanced condition produces an output s igna l  that 
i s  proportional t o  the phase and magnitude of the input pressure. 
pressure s e n s i t i v i t y  i s  determined by the cha rac t e r i s t i c s  of the s t re tched 
diaphragm. 
t i v i t y  of 30 mmHg. 

The transducer employed in 

The diaphragm i s  s t re tched and held i n  tension by a p a i r  
The glass  discs a re  positioned and held i n  place by a 

As pressure i s  applied t o  dne s ide,  the dia- 

The 

The leak detector Equibar is designed fo r  a f u l l  sca le  sensi- 

Trans-Sonics has derived and empirically corrected a formula for the  
volume f l a w  rate". 

Qs = 976(:+ ,024) (2)'" 
where Qs - volume flow rate in cc/second at  standard pressure of 760 
mmHg (P,) and standard temperature of 298'K(T,). PI i s  the  pressure a t  
the tube's o u t l e t  i n  mmHg, and T1 i s  the gas temperature i n  the tube in 
OK. 

It can be seen t h a t  the flow rate i s  a function of ambient pressure 
and gat3 temperature, 

*ademark, Trans-Sonics, Inc. 
The cal ibrat ion curve must therefore  be corrected 

*See Appendix A. 
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(-73 t o  +93"C). An i t r n  1 heater w i l l  go on a t  temperatures bel- 
&O°F (-44°C). The purpose of the heater i s  t o  prevent moisture couden- 
sa t ion  inside the pressure transducer. 
i n se r t ion  of a test s ignal  for  automatic checkout and for  f i n a l  adjust-  
ments. 
impedance is  approximately 3,000 ohms. 
i n  Figure 6. 

A re lay is  included t o  permit 

The transducer operates from unregulated 28 v d.c. The output 
The f i r s t  prototype is  shown 

Heated Thermocouple Anemometer 

The cooling e f f e c t  of gas (or l iquid) flow on a heated thermocouple 
element i s  the basis  f o r  t h i s  transducer. For many years a device of 
t h i s  nature has been avai lable  from %stings-Raydist, Inc., Hampton, V i r -  
g inia .  
ever. A t  present, two companies are developing modifications: Space 
Craf t ,  Inc., Memorial Parkway, Huntsville, Alabama, Contract No. NAS8-2610 
and Iladiation Technology, Inc., 715 Miami Circle ,  N. E., Atlanta 5 ,  Georgia, 
Contract No. NAS8-2629. 

It i s  not sa t i s fac tory  f o r  f l i g h t  use without modification, hw- 

The Space Craft  prototype i s  shown i n  Figure 7. Not shown i s  a 
standard d.c. amplifier module which i s  a l so  required. 
f ier  is ident ica l  t o  that used for temperature measurements.) 
t i o n  Technology un i t  w i l l  a l so  require the d.c. amplifier. 
of t h i s  un i t  i s  shown i n  Figure 8. 
re lays  €or automatic checkout. 

(The d.c. ampl i -  
The Radia- 

A prototype 
The d.c. amplifier module w i l l  provide 

A c i r cu i t  diagram of the heated thermocouple un i t  is  shown i n  Figure 
The thermocouple detector i s  heated producing a mi l l i vo l t  emf of aome 9. 

calculated value. 
emf delivered by the bridge network i n  the s igna l  conditioning module. 
The bias  e m f  is  constant once i t  is  set i n  the lab. As a leak begins, 
i t  i s  channeled across the heated thermocouples, reducing t h e i r  tempera- 
tu res  and the emf from the detector. 
detector and the bias  i s  fed into the amplifier and provides the 0-5 v 
d.c. s ignal  for telemetry. 

quirement w a s  low power consumption, a high res i s tance  thermocouple wa8 
desired,  
temperatures (under 200°C), 
s a t i i f i e d  both of these requirements i n  t h a t  it has an average of 10 ohm8/ft 
higher res is tance value than chromel/alumel and almost twice the  emf out- 
put a t  the same temperature. 

This emf i s  biased by an equal but opposite po lar i ty  

The difference i n  emf between the 

Thermocouple heating i s  by 12R power d iss ipa t ion  and, s ince one re- 

Also desired was a thermocouple with high emf a t  r e l a t i v e l y  law 
A thermocouple made of chromel/constantan 

Vehicle power available necessitated the use of 115 v a.c., 400 cp8, 
f o r  e f f i c i e n t  heating of the thermocouples. 
used t o  supply approximately 1 vol t  t o  the thermocouples. A voltage ad- 
justment is provided i n  the primary c i r cu i t  t o  control  the heating power 

Step-down transformers are 

9 
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Figure 9. Circuit Diagram, Heated Thermocouple Unit. 

supplied to  the thermocouples. 
sensitgvity control i n  that the more heat on the thermocouples, th+ 
senait&e they w i l l  be a t  the lower f low rates. 

The voltage adjusfxnent a lso serves a6 a 

Use o€ a.c. power 8d a 
transformer required two thermocouples i n  para l le l  since current f lbv SO 
supplied through the transformer. I n  t h i s  arrangement, it can be $een 
that og one cycle the thermocouple current i s  i n  opposition t o  the tram- 
formelt current and on the next cycle they are i n  phase. 
tap 9f the tranafoneer and the reference junction, the emf from jtut OIY 
themcouple  is  impressed on one cycle and the emf from the second tber- 
uncouple on the next cycle. 
tage with some ripple present. 
cycle resistances are not exactly equal. 

Across thr C a t e r :  

This forms an essent ia l ly  constant*cf.c. ~0.1- 
A f i l t e r  i s  necessary because the half- 

The reference junction a1so"serves as compensation for change6 in  
ambient temperature of the leaking gas or  the housing assembly as it i 6  
subjected t o  the same ambient temperatures as the heated junction. The 
reference junction is physically located in essent ia l ly  stagnant gas a0 
tha t  it is sensit ive only to  changes i n  gas temperature. 

Tbe theranocouples have mrurlmum output when the flow rate is  zero and 
To obtain a 3 mv dif-  minfiramr output when the flaw ra te  is a t  a maxinatm. 

ferential emf from the thermacouples, it i s  necessary t o  heat them t o  
approximately 180OC. 
series with the opposite polarity of the bias voltage. 
amplifier i s  then zero under RO flw conditions. 
over the  themnocoupler, reducing the i r  emf, the unbalance is fed into the 

The thermncouple,-emf is  f i l t e r e d  and then fed in 
The input Po the 

When a flow is preeed 
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rq l i f i e r  and E proportional voltage i a  seen as  an output signal. The 
bridge biw network is  mounted on a printed c i rcu i t  card imide  the aqli- 
fisr.aad hss a variable resistor i n  one leg which i s  used in settiag the 
-0 etstpst for a0 flow conditione. 

' 

A typical calibration curve i s  sham i n  Figure 10. It has the de- 
8%r&le eharacter is t ic  of having the greatest  sensi t ivi ty  a t  low flow 
rates . 

Liltheugh the transducer contains provisions fot temperature compen- 
Uatk,  the severe problem of cold oxygen (-170°C t o  -%15O0C i n  the v ic in i ty  
Of tbe fladge) i e  m e t  by using at  least \1 to  2 feet of tubing t o  connect 
tbe tttiuwducer t o  the flange. A very high temperature gradient then exists. 
It is there€ore possible t o  use a transducer compensated for  ambient 
changes uf f 2 0 R C  only. 

, I  

'c-ation is required. Development of t h i s  compensation is progrecrring 
satisfactorily, so that  one calibration curve w i l l  be usable withouvfatf-  

Beceirse of simple convective heat loss changes with changing a l t i t d t ,  

tude correct i - rn  
I . .  

, .-_ 

. .  . .  

JeQure 10. -libration Curve, Heated permacouple Unit. 
_ -  

. _. . -.. 
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Hot Wire Anemometer 
3: 

As in the heated thermocouple anemometer, the cooling effect of a 
flow stream on a heated element is the basis for the hot wire qnemometer. 
Fenwal, Inc., Ashland, Massachusetts, has developed this instrument under 
Contract No. NAS8-2533. 
be complete. A prototype transducer is shown in Figure 11. 
is the electronic circuitry, which is housed in a standard MSFC mersuring 
module. 

Development work on this unit is considered to 
Not shown 

This unit is designed to meter the flow of oxygen from 10 - 1oflO 
cc/minute (at 760 mmHg) at a gas input temperature from -183°C to +5OoC. 
It will operate in an ambient temperature from -2OOC to +3OoC indefinitely 
and up to 80°C for a 5-minute period. All flow is heated (or cooled) to 
3OoC prior to sensing in the flowmeter. To precondition the gas flow to 
3OoC, a combination of an aluminum block heat sink and a block heating 
circuit is used. The block is heated by a uniformly distributed coil of 
wire and a solid state temperature controller utilizing a thermistor as 
the temperature sensor. A plastic :faam mate.ria1 is used to thermally 
insulate the preconditioning block from ambient temperature. 

A circuit diagram of the hot wire unit is shown in Figure 12. The . 
flowmeter sensing element is a coil of resistance wire with a high tem- 
perature coefficient of resistance. This sensor is one leg of a Wheat- 
stone bridge and under all flow conditions is maintained at a temperature 
some 25.C higher than that of the preconditioning block. The other bridge 
elements are two fixed resistors and one temperature sensitive resistor 
which is in thermal contact with the block to compensate for slight shifts 
in block temperature. 

The cooling effect on the sensor element, because of a flow of gas, 
is detected as a change in the bridge output voltage. 
change will determine how much additional heating power must be applied 
to the bridge to restore the bridge to near its balanced condition. It 
is a feature of this system that the reference condition be restored very 
rapidly,rather than allowing the bridge to remain unbalanced and using the 
error signal as an indication of a gas flow. If the latter were the case 
and the sensor were required to come to a new equilibrium temperature for 
each gas flow rate, the response time would be greatly lengthened. This 
is true because the outside of the sensing coil is embedded in a plastic 
foam sheath that would likewise have to come to thermal equilibrium. 

This output voltage 

To control the power supplied to the flowmeter, the present model 

Its output supplies the power to the 
has a servo amplifier. 
unbalance of the bridge circuit, 
bridge and also gives a 0-5 volt output signal to the telemetering circuit. 

This amplifier has as its input the d.c. millivolt 
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Figure 12. Circuit Diagram, Hot Wire Unit. 

-- 

B e  amplifier circuit is in a separatr: enc% wure from the flawmeter. It 

a dietance from the flowmeter, 
' is in a standard module which will be loc&d in the amplifier rack 8t 

TBe dimensions of the'standard module and flmdeter are 3-1/2 x 4*1/2 ' x 1 inch and 3 x 3 x 3-3/4  inches, respectively. 

flowmeters have been tested to have a tire response in the order 
econds. This was done with a sudden air flaw of 1000 cdmin. The 
nd responseni3presents the time for the .gufput to indicate 65& of 

this flow of f07W cc/dn. from a 0 cc/min. flaw condition. 

At this tinre, negotiations are being made to build another configu- 
ration: of this: system. 
amplifier for'simplicity in that area. 
d.c. millivolt unbalance of the bridge as an input to a chopper and B.C. 
amplifier. 

t 

This model is intended to have an 8.c. servo I 

The present amplifier has the 

The output of this is rectified and supplies the power to 
, 

tho brSdga, 

accomPohte a higher ambient temperature. 

give wi accurate flcw output reading at pressures down to lo-' 
Effects sf altitude are not as ~evere on this unit as on the heated 
thel;areceuple unfts 

The block temperature is pluaned to be at a high temperature to 

Another impravement will be to compensate the system so that it will 

16 
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Figure 13. Calibration Curve, Hot Wire Unit. 

A fypical cal ibrat ion curve is Shawn i n  Figure 13, This curve a180 
hu the  &$ired characteriatic of greatest  senni t ivi ty  a t  lowest flw 
rrter 0 

c o ~ I o # s  AND FURTRER maws 
. sst$uf;ecgory prototypes of three basic leak meters have been obtaiasd. 

A saaple OE each is presently at  Rocketdyne for testing i n  the very ne8x 
future on the pl-1 engine and la ter  on the J-2. 

Ten units of each of the Ap instruments and of the b o  versiona of 
A l l  are scheduled for 

Since it is the most advanced 

the beaZed theramcouple i u s t r u m n t  are on order. 
 delivery in  August 1962. 
itts elactrenic assembly is being $ought. 
tu develepment, mare than ten unite w i l l  be pwcbared; however, no ert l -  :(Ii' 

mate ef the delivery date can be given at th i r  time, 

A contractor for  the hot w i r e  instrument d 

It is believed that these basic instruments can be modified to bwo 
If instruments more semi- increased eensi t ivi ty  by a factor of  2 t o  3, 

t h e  by a factor of 10 are rrquired, naw baric type. y y  be necessary. 

Although there uni te  u e  rpcif ical ly  tailored for lox leaks, t h y  
w i l l  operaxe without modification with any c-enic liquid or  any g U  
u i t h  #anperamre under hbout 100'C, 
&? pree?md&&$enFag t6- UO'C or tear. 

?bt mu leaks w i l l  require provirionr 
Fluid leaks W i l l  require extearive 

of these triiyducerr 

17 
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APPENDIX A 

DF3UVA!IION OF Ap UNIT! S FOBMILA 

The following derivation is given in Trans-Sonics' project s l r y t  

The flow of gas that we are interested in measuring is determined 
by the pressure drop developed across a fixed capillary tube. The general 
expression for flow through a capillary can be expressed by equation (1)*. 

Pv 
t 

where : 
Q - volume-pressure per time = - at a temperature of T1 

t - time 

A = cross sectional area of the tube 
1 = length of the tube 
Pa = average pressure across the capillary - 1/2(P1 + Pe) in lrfie 
P2 = pressure at the inlet of the tube in mmHg 

P1 = pressure at the outlet of the tube in lrmHg 

qT - coefficient of viscosity at the temperature T1 
Tl = measured temperature in OK. 

For a fixed length of capillary tube and where the absolute pressure and 
temperature are variables, we have: 

where Ts = is a standard temperature of 298OK and hp P1 - Pz. 
Converting Q to standard cubic centimeters per minute: 

Qs E* volume per time at standard pressure of 760 nranHg (P,) and 
standard temperature o f  298 Ko(T,) 

I 

where x 

a s h m a n ,  Vacuum Technique, Chapter 2, John Wiley & Sons, Inc., New York, N.Y. 

fraction of full scale pressure and Px is the full scale pressure 
of 30 aanHg. 
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The full scale flow rate can be written as 

Equation ( 4 )  is the full scale flow as a function of the capillary outlet 
pressure (PI) and the capillary temperature (T1) in terms of standard 
cubic centimeters per minute. 

Referrfng to equation (3), it is seen that flow rate as a functfon 
of the pressure drop across the capillary yields a curve that is alrost 
linear. 
capillary tube cause approximately -13% deviation from a straight line 
through the end points. 

Hawever, errors because of end effects and curvature of the 

Temperature effects shown in this section are theoretical and not 
exactly true because of effects of the heaters and some unknown factor. 
The actual errors are much less than predicted. It appears that a more 
accurate expression for flow through the leak detector would be 

QS = 976(? + .024) ( 2j7* 
This expression will yield data accurate to within *5%. 

19 
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APPENDIX B 

SELECTION OF UNliTS 

In 1960, M-ASTR-I proposed that leak rates be expressed in cubic 
centimeters per minute (cc/minJ6. 
mass flow measurement devices, however. 
calibration in terms of milligrams 0, per minute. 
grams of 0, in each standard cubic centimeter of gas. 
other conversion factors. 

Two of the instruments are basically 
It was planned to express their 

There are 1.429 milli- 
Table 1 lists some 

Becently, the Director of MSFC issued a policy statement on measuring 
units within MSF'C7. 
sently only recomnended to MSFC contractors. 
metric gravitational system as the standard. 

This policy includes certain limitations and is pre- 
The policy establishes the 

The volume flow rate units of cc/min. are uneffected by the new policy. 
However, use of the gravitational system implies that the basic mass unit 
will be the kilopond sec' per meter - the metric equivalent of the English 
slug. Thus, mass flow rate would be in units of kilopond sec per meter 
or a multiple or fraction of this. Until a standard unit has been defined*'* 
it is suggested that mg/min. continue to be used. 

I 
1 

I 
i 
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To Convert: 

Std. cc 

Std. ft.3 
Lb 
w3 02 

Std. fte3 

Lb 02 
Mg 02 

02 

Std. cc '1 

Mg 
Std, cc 

Std, ft,' 
Std, cc 

Std. cc 

Std. cc 

Std. cc 

Mg air 

Mg N2 
M g b  

Ms H2 

TABLE 1 

To: 

mg 02 

mg 02 

mg 
std. cc 

std. cc 

std. cc 

std. ftO3 
std. ftO3 
std. f t O 3  

lb 
lb 0, 

lb 02 

mg air 

mg N2 
m g k  

mg H2 
std. :CC 

std. cc 

std. cc 

std. cc 

21 

Mu 1 tip ly by: 

1.429 
40465 
453592 
6998 

283 17 
5291 

.0000247 1 

. OOoO353 1 
11.21 

.000002205 

. 000 189 

.ow21 
1.293 
1.251 
.1785 
. 08988 
87734 
. 7994 

5.602 
11.13 

I 

I 
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APPENDIX C 

MISCELLANEOUS DATA 

Tables 2 and 3 are included for use in calculations involving the 
heated element transducers; .OS gm-mole/min, is  used because it is  about 
the same magnitude as the maximum leak expecsed, 

TAELE 2 
mg/min. of .05 std. cc/min. of 

Gas Molecular Weight gm-mo le/min. .OS gm-mole/min. 

02 
Air* 

N2 
He 

H2 
*Dry Air: 

32.000 
28.966 
28.016 
4.003 
2.016 

.7809 moles/mole NE 
,2095 moles/mole 02 
,0093 moles/mole A 
-0003 moleslmole COP 

1,601 1,120 
1,449 1,120 
1,402 1,120 
200.2 1,120 
100.8 1,120 

TABLE 3 

Molar Heat Capacity at Constant Pressure at 298.16OK 

02 7.02 calories/deg. C/gm-fornarlar-weight 
H2 6.89 calories/deg. C/gm-fornarlar-weight 

N2 6.23 calorie 6 /  deg . C/ gm- f onnu lar -we igh t 
He 4.97 calories/ deg . C/ gm- f oranrlar -weight 

22 
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